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Abstract 
 Information on morphological characteristics is a prerequisite to 
sustainable breed improvement, utilization, and conservation. In this study, 
108 N’Dama cattle cows from 11 farms of central and northwestern regions of 
Côte d’Ivoire were described using visual appreciation criteria and linear body 
measurements. The variables were studied using principal component analysis 
(PCA) and discriminant analysis. Results indicated that the most common 
N’Dama is fauve (83.33%) and it has straight back profile (69.44%) and lyre 
horn (74.07%). Agroecological zone has a significant (p˂0.01) effect on linear 
body measurements of N’Dama. The central region animals had higher head 
width (18.94 ± 2.18 cm), skull length (22.51 ± 2.18 cm), skull width (16.51 ± 
1.72 cm), muzzle circumference (40.83 ± 2.58 cm), distance between horns 
(15 ± 1.90 cm), ear length (17.46 ± 2.57 cm), chest length (160.11 ± 15.8 cm), 
chest depth (71.55 ± 7.41 cm), and body length (125.13 ± 12.22cm) than those 
of northwestern region N’Dama. Thus, their respective values were: 15.41 ± 
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2.85 cm, 18.62 ± 2.6 cm,  12.44 ± 3.94 cm, 38.8 ± 2.61 cm, 13.72 ± 1.52 cm, 
16.41 ± 1.61 cm, 143.84 ± 8.35 cm, 65.25 ± 4.1 cm, and 119.18 ± 12.38 cm. 
PCA revealed that N’Dama morphometric variability performed from the 9 
variables (Lt, lt, Lc, lc, pt, hg, Pth, Lcp and Lf) were more associated with the 
first two factors. In regards to the discriminant analysis, these 9 variables 
distinguished the N’Dama significantly (p˂0.05) into two populations that 
corresponds with the two agroecological zones. 
 
Keywords: N’Dama cattle, phenotypical, variability, description 
 
Introduction 
West Africa sub region were initially populated with the two 
subspecies of domestic cattle, Humpless Bos taurus and Humped Bos indicus 
and their crossbreds. Their progenitor is the wild auroch, Bos primigenius 
domesticated in southeastern of Asia, in Middle East (Edwards et al., 2007), 
that has gone into extinction today (Rokosvz’, 1995). The archaeological and 
molecular data allows the making of inferences based on the history of African 
cattle, including their possible migration routes within the African continent 
(Epstein & Mason, 1984; Hanotte et al., 2002; ILRI, 2006; Stock & Gifford-
Gonzalez, 2013). Among Humpless Bos Taurus, those that have longhorns, 
including N’Dama, might have been introduced first in Africa, followed by 
humpless shorthorns cattle about 2,500 years later (Epstein & Mason, 1971; 
Rege, 1999). The presence of N’Dama breed in West African sub region would 
have been observed 5000 to 2350 BC (Coulomb, 1976). Berber migrations of 
the 16th century would favorably have an important nucleus setting up which 
would be fixed in Fouta Djallon highlands in Guinea. It is from this nucleus 
that the breed spread to the rest of West and Central Africa where it acquires 
unique evolutionary adaptation to harsh climate (Hansen, 2004) and various 
endemic diseases (Roberts & Gray, 1973; Murray et al., 1984; 1990; Ngamuna 
et al., 1988; Claxton & Leperre, 1991; Dwinger et al., 1992; Mottioli et al., 
1995; Mottioli et al., 2000). However, N’Dama breed is small in size, and its 
productivity is lower compared to most of the zebu cattle populations in 
tropical areas (Rege, 1999; Okeyo, 2015).  
However, most West and Central African countries, including Côte 
d’Ivoire, are faced with the demand for livestock products which is 
continuously increasing. Also, they make use of local breed, mainly N’Dama, 
in uncontrolled crossbreeding with various European or American improved 
cattle breeds and humpled zebus breeds. These crossbreeding took place 
mainly in the private farm or through the livestock development project in the 
central and north regions of Côte d’Ivoire (MIRAH, 2003; Eroarome, 2009). 
Thus, the structure of Ivoirian cattle remain largely unknown mainly when it 
has to do with the genetic distinctiveness of these cattle breeds (Sokouri et al., 
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2007; 2009; N’Goran et al., 2008). The consequence is that this local cattle 
breed is facing a genetic erosion and loses its genetic ability in climate change 
context.  
This paper focuses on describing the physical and morphological 
characteristics of the N’Dama breed in current climate change context of Côte 
d’Ivoire. This investigation remains an essential step for one of the best 
knowledge of animal genetic resource which, according to FAO (2012), is 
capital for zoogenetic resource management planning in local, national, 
regional, and world levels. 
 
Materials and Methods 
Study Area  
This study was conducted in six administrative localities including five 
(Bouaké, Brobo, Dimbokro, Toumodi and Yamoussoukro) in Central region 
and two (Ouaninou and Sipilou) in northwest region of Côte d’Ivoire (Figure 
1). The Central region is located at 7°41′37″ North latitude and 5°16′36″ 
West longitude. The mean annual temperature and rainfall ranges from 14 to 
39 °C and from 1200 to 1600 mm, respectively. This central region has a 
tropical climate with four seasons: a long dry season from December to May, 
a short dry season from July to October, a long rainy season from May to July, 
and a short rainy season from October to November (Eroarome, 2009; 
http://www.atlapedia.com). The central region is covered by a pre-forest 
savannah with small trees broken by forest Island and with galleries of forest 
in the lowlands.  
Northwest region is located at 7°55'0" North latitude and 8°4'60" West 
longitude. It has a sudano Guinean climate characterized by a mean annual 
temperature and rainfall that ranges from 20 to 26 and from 1127 to 2400 mm, 
respectively. This climate has two vegetation, including a dense forest and 
transitional vegetation between forest and savannah. In addition, it has two 
seasons: a long wet season from April to October and a dry season from 
November to March (Viennot, 1983; Eroarome, 2009; 
http://www.atlapedia.com).  
 
Farm Sampling  
The sampling frame was established following an exploratory survey 
to all five great livestock regions (North, Central, West and East) of Côte 
d’Ivoire and the discussions with local livestock extension officers and 
researchers. The discussion aimed to identify the regions where we can find 
the pure N’Dama breed. Based on these discussions, two great regions have 
been selected: the northwest regions which border the original breeding area 
(Fouta Djallon highlands in Guinea) of the Guinean N’Dama type and the 
Central region, where N’Dama breeding have been developed through the 
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different national livestock project such as SODEPRA (MIRAH, 2003; 
Eroarome, 2009). The objective being to describe the pure N’Dama breed, 11 
farms that keeps pure N’Dama breed, and not using other cattle breed in their 
reproduction system were purposely retained. In these farms, the herd size 
varies from 15 to 50 animals and they were raised on fenced natural pastures 
where they graze day and night or are herded by day and kept in pens at night. 
The animals have access to mineral salt licks and are dipped or sprayed 2 to 4 
times a month. 
 
Data Collection  
Data on the assessment of qualitative and quantitative morphological 
traits were obtained from 108 N’Dama cows from November 2016 to April 
2017 on 11 traditional farms. Only the animals aged three years and above 
were considered for the purpose of uniformed comparison. The FAO (2012) 
qualitative and quantitative cattle breed descriptor list was followed to 
characterize the animals physically and morphologically. The animals were 
described individually in their respective farm. The qualitative characters such 
as ear orientation, eyelid colour, muzzle colour, coat colour, back profile, horn 
orientation, and dewlap development were recorded based on subjective visual 
observation. 
The quantitative morphometrical characters were obtained by 
measuring tape calibrated in centimeters (cm) after restraining and holding the 
animals in an unforced position. All measurements were taken by the same 
personnel team on all farms. The following linear body measurements were 
taken: head length (Lt), head width (lt), skull length (Lc), skull width (lc), 
muzzle length (Lf), muzzle circumference (cfm), horn length (Lco), distance 
between horns (dbb), ear length (Lo), chest length (pt), tail length (Lq), height 
at wither (hg), chest depth (Pth), and body length (Lcp). The age of the animals 
was estimated using dentition method as suggested by Charray et al. (1992). 
 
Statistical Analysis  
Descriptive statistics were used to analyze phenotypic characterization 
data. Discrete measurement based on the form and appearance of the 
investigated animals were analyzed using the frequency procedure of chi-
square test at the 95 % confidence level. Quantitative linear body 
measurements were analyzed using the generalized linear model procedures. 
Agro-ecological zones were fitted as fixed independent variables, whereas 
linear body measurements were fitted as dependent variables. Thus, agro-
ecological effects on body measurements were assessed using the ANOVA. 
Means were separated using Duncan’s multiple range test procedure and 
values were considered significant at p<0.05. The major quantitative 
morphological variable included in phenotypical variability and Pearson’s 
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coefficients of correlation (r), among the various variables, were estimated. 
This was later used for the principal component factor analysis (PCA). The 
discriminant quantitative variable and Mahalanobis distance between both 
N’Dama populations of agro-ecological zones were assessed using 
discriminant analysis. All analysis were done using XLSTAT 2015.4.01. 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
Figure 1. Study area 
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Results 
Phenotypic Characterization 
Qualitative Characters  
The results relating to the qualitative characters in all female N’Dama 
raised in the two agro-ecological zones (Central savannah and northwest forest 
regions) are presented in Table 1.  
Table 1. Percentage values for some phenotypic qualitative traits observed in N’Dama breed 
of two agro-ecological zones 
Characters Trait  
Central savannah 
region:   
 Zone 1 (47) 
Northwest forest 
region: Zone 2 
(61) 
Total 
N % N % N % 
Ear orientation 
Horizontal 35 74.47 58 95.08 93 86.11 
Erect 12 25.53 3 4.92 15 13.89 
Eyelid colour 
Unpigmented 47 100 39 63.93 86 79.63 
Pigmented 0 0 22 36.07 22 20.37 
Muzzle colour  
Unpigmented 31 65.96 37 60.66 68 62.96 
Pigmented 16 34.04 24 39.34 40 37.04 
Coat colour 
Fauve 39 82.98 51 83.61 90 83.33 
Black  2 4.25 1 1.64 3 2.78 
Pi-red  6 12.77 7 11.48 13 12.04 
Greyish-black 0 0 2 3.28 2 1.85 
Back profile  
Straight  31 65.96 44 72.13 75 69.44 
Concave 4 8.51 13 21.31 17 15.74 
Convex 12 25.53 4 6.56 16 14.81 
Horn orientation 
Lyre 35 74.47 45 73.77 80 74.07 
Increasing 10 21.28 12 19.67 22 20.37 
Crown 2 4.25 4 6.56 6 5.56 
Dewlap 
Low developed 22 46.81 16 26.23 38 35.19 
Moderately 
developed 
25 53.19 45 73.77 70 64.81 
 
 Data presented in this table showed combined results of the major 
qualitative characters of both agro-ecological zones animals. The observed 
combination of coat colour of the N’Dama in both agroecological zones were 
fauve (83.33%), black (2.78%), pi-red (12.04%), and greyish-black (1.85%) 
(Figure 2). The dominant back profile of N’Dama breed in the agro-ecological 
zone (central region) was straight (65.96%), followed by convex (25.53%) and 
concave (8.51%). The back profile of most N’Dama (72.13%) of zone 2 
(North-West region) was straight, whereas the rest was concave (21.31%) and 
convex (6.56%). The dewlap was low developed for 35.19% of the animals, 
whereas it was moderately developed for the rest. Most of N’Dama in the study 
zones had horizontal (86.11%) and erect (13.89%) ear. These animals have 
lyre (74.07%) (Figure 2), increasing (20.37%), and crown (5.56%) horn. Most 
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of the animals had unpigmented muzzle (62.96%) and eyelid (79.63%) versus 
pigmented muzzle (37.04%) and eyelid (20.37%).  
 
 
A) N’Dama from Bouaké (Brobo)  B) N’Dama from Ouaninou  
 
 
 
C) N’Dama flock from Yamoussoukro   D) N’Dama from Sipilou  
A and C: N’Dama from Central region, B and D: N’Dama from the Northwest 
region  
Figure 2. N’Dama animals from Central and northwest regions of Côte d’Ivoire 
 
Morphometrical Characterization 
Arithmetic Means and Agro-ecological Zone Effect  
Arithmetic and least-squares means for body measurements are 
presented in Table 2.  
Table 2. Average values (cm) of quantitative morphometrical traits of N’Dama animals 
(means ± SD; N=108) 
 
Morphometrical 
traits (cm) 
Zone1 (n=44) Zone2 (n=64)  
Overall means 
(n=108)  
Zone effect 
M ±SD CV 
(%) 
M ±SD CV 
(%) 
Fisher 
Test 
SIG 
Head length (Lt) 44.94 ± 2.91 6.49 44,97 ± 4.27 9.5 44.95 ±3.72 0.002 NS 
Head width (lt) 18.94a ± 2.18 11.52 15.41b ± 2.85 18.52 16.94±3.11 49.453 ** 
Skull length (Lc) 22.51a ± 2.18 9.67 18.62b ± 2.60 13.97 20.31±3.09 68.149 ** 
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Skull width (lc) 16.51a ± 1.72 10.40 12.44b ± 3.94 31.66 14.21±3.75 43.651 ** 
Muzzle length (Lf) 22.62b ±2.44 10.77 24.9a ± 3.01 12.11 23.91±2.99 17.944 ** 
Muzzle 
circumference(cfm) 
40.83a ± 2.58 6.32 38.8b ± 2.61 6.72 
39.69±2.77 16.179 
** 
Horn length (Lco) 27.51 ± 6 21.80 29.2 ± 5.94 20.33 28.45±5.99 2.142 NS 
Distance between 
horns (dbb) 
15a ± 1.90 12.66 13.72b ± 1.52 11.06 
14.28±1.80 15.121 ** 
Ear length (Lo) 17.46a ± 2.57 14.74 16.41b ± 1.61 9.83 16.87±2.14 6.704 * 
Chest girth (pt) 160.11a±15.80 9.87 143.84b± 8.35 5.81 150.92±14.56 47.529 ** 
Tail length (Lq) 75.45b ± 6.43 8.52 79.11a ± 8.99 11.36 77.51±8.15 5.585 * 
Height at wither (hg) 109.28 ± 8.01 7.33 111.61 ± 6.66 5.97 110.59±7.33 2.721 NS 
Chest depth (Pth)  71.55a ± 7.41 10.35 65.25b ± 4.10 6.28 67.99±6.54 31.703 ** 
Body length (Lcp) 125.13a ± 12.22 9.77 119.18b±12.38 10.39 121.77±12.61 6.195 * 
a,b Means across column between zones with different superscript letters are significantly 
(P<0,05) different. M = Means, SD = Standard Deviation, CV = Coefficients of Variation, 
zone1 = agro ecological zone of savannah regions (center of Côte d’Ivoire), zone2 = agro 
ecological zone of forest regions (north-west of Côte d’Ivoire), SIG = Signification level: NS 
= Not Significant; * p<0.05; ** p˂0.01; *** p<0.001. 
 
Except for Lt, Lco and hg, the agro-ecological zone had a significant 
effect (p<0.05) on the quantitative linear body measured. This shows certain 
heterogeneity among the N’Dama cattle of the two agro-ecological zones. 
Animals of agro-ecological zone 1 had the highest values for the 
morphometrical traits except Lf and Lq. 
 
Multivariate Analysis 
Principal Component Analysis (PCA)  
Pearson’s correlation coefficients between all pairs of the various body 
traits of N’Dama cattle associated with PCA are shown in Table 5. 
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Table 3. Pearson’s correlations among measurements of N’Dama populations 
  Lt Lt Lc lc Lf cfm Lco dbb Lo pt Lq hg Pth Lcp 
Lt 1              
lt 0,536 1             
Lc 0,351 0,662 1            
lc 0,476 0,847 0,656 1           
Lf 0,647 0,255 -0,017 0,220 1          
cfm 0,229 0,364 0,319 0,219 0,055 1         
Lco 0,310 0,138 0,120 -0,036 0,327 0,268 1        
dbb 0,120 0,174 0,309 0,156 -0,198 0,322 -0,126 1       
Lo 0,139 0,068 0,344 0,043 -0,082 0,038 0,097 0,245 1      
pt 0,251 0,446 0,480 0,273 0,046 0,436 0,213 0,242 0,325 1     
Lq 0,447 0,116 0,133 0,081 0,512 0,123 0,241 0,197 0,276 0,183 1    
hg 0,320 0,172 0,084 0,115 0,507 -0,043 0,251 0,086 0,125 0,334 0,512 1   
Pth 0,387 0,598 0,518 0,423 0,201 0,423 0,279 0,162 0,279 0,827 0,208 0,291 1  
Lcp 0,470 0,518 0,430 0,481 0,382 0,152 0,245 0,137 0,226 0,543 0,343 0,591 0,500 1 
Lt= Head length, lt = Head width, Lc = Skull length, lc = Skull width, Lf = Muzzle length, cfm = Muzzle circumference, Lco = Horn length, dbb 
= distance between horns, Là = Ear length, pt = Chest length, Lq = Tail length, hg = Height at wither, Pth = Chest depth, Lcp = Body length.  
Bold values are significant to the threshold of 5% (p˂0,050). 
 
 Lt, pt, Pth and Lcp were significantly and positively correlated with the other morphometrical traits except for 
dbb and Lo for Lt, Lf for pt, dbb for Pth, and cfm and dbb for Lcp. In addition, hg was significantly correlated with Lf, 
Lco, pt, and Lq. Significant correlation was found between Lq and Lf, Lco and Lo. Morphometrical trait dbb was 
significantly correlated with Lc, cfm, Lo and Lq positively, but was negatively correlated with Lf. Significant and positive 
correlations were found between lt and Lc, lc, Lf and cfm. Furthermore, there were significant positive correlation between 
Lc, lc, cfm, and lo. Morphometrical trait lc was correlated significantly and positively with Lf and cfm, whereas Lf was 
correlated with Lco, Lq, and hg. Significant correlation was found between cfm and Lco. 
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Results of the factor pattern and communality of the body 
measurements of N’Dama cattle breed were reported in Table 4. The Kaiser-
Meyer measure of Sampling Adequacy, which determines the proportion of 
the variance in difference measurements caused by underlying factors, was 
equal to 0.75. Five factors with eigenvalues superior to 1 were extracted (Table 
4). They explained 77.45% of the total variance. The first factor explained 
35.67% of variability, and loadings were highest for Lt, lt, Lc, lc, pt, hg, Pth, 
and Lcp. The second factor described 15.28% of the total variability, and 
loadings were highest for Lf, Lq, and hg. Factor three represented 10.70% of 
variability. It was represented by significant negative and positive high 
loadings lc and Lo respectively. The morphometrical traits cfm and Lco were 
more associated with the fourth factor that describes 8.48% of variability. The 
fifth factor accounted for 7.31% of variance, and loading was highest for dbb.  
Likewise, variables’ communalities, which represent the proportion of 
variance of each of the 14 variables shared by all the remaining body 
measurements, were medium to high. However, they varied from 0.547 to 
0.869 (Table 4).  
Table 4. Eigenvalues and percent of total variance along with factor loadings and 
communalities of the body measurements of two N’Dama cattle breed populations 
Variables  F1 F2 F3 F4 F5 Communality 
Lt 0,701 0,323 -0,251 -0,062 0,287 0,812 
lt 0,787 -0,271 -0,440 -0,021 -0,005 0,818 
Lc 0,696 -0,458 -0,079 -0,142 -0,027 0,869 
lc 0,675 -0,285 -0,555 -0,239 -0,008 0,729 
Lf 0,459 0,740 -0,268 0,034 0,137 0,647 
pt 0,712 -0,253 0,358 0,241 -0,295 0,713 
Lq 0,475 0,528 0,317 -0,251 0,319 0,794 
hg 0,508 0,564 0,229 -0,202 -0,234 0,707 
Pth 0,785 -0,200 0,145 0,278 -0,236 0,791 
Lcp 0,765 0,170 0,016 -0,150 -0,304 0,857 
cfm 0,461 -0,310 0,122 0,506 0,496 0,690 
Lco 0,364 0,362 0,160 0,609 0,052 0,649 
dbb 0,294 -0,385 0,392 -0,363 0,516 0,547 
Lo 0,332 -0,139 0,599 -0,293 -0,124 0,688 
Eigenvalue 4,99 2,13 1,49 1,18 1,02  
% of total variance 35.67 15.28 10.70 8.48 7.31  
Lt= Head length, lt = Head width, Lc = Skull length, lc = Skull width, Lf = Muzzle length, cfm 
= Muzzle circumference, Lco = Horn length, dbb = distance between horns, Lo = Ear length, 
pt = Chest length, Lq = Tail length, hg = Height at wither, Pth = Chest depth, Lcp = Body 
length.  Bold values are more associated with the factor. 
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Figure 3. Scree plot of factor analysis for body measurements of N’Dama cattle breed 
 
Animals’ plot in bi-dimensional presentation (F1-F2), according to 
PCA accounting for 50.96% of the total variability, explains better the 
N’Dama phenotypical variability. It separates the animals into two groups 
(Figure 4).  
 
Figure 4. Bi-dimensional representation of individuals of the two agro-ecological zones 
N’Dama according to PCA for  the quantitative traits 
 
Discriminant Analysis  
Discriminant Analysis aims to specify PCA results. Then, it was 
performed from the 9 variables (Lt, lt, Lc, lc, pt, hg, Pth, Lcp and Lf), which 
were more associated with the two first factors according to PCA. These 
measurements were the explicative variables, whereas agro-ecological zones 
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were the independent variables. Discriminant analysis which generated only 
one discriminant function explained 100% of the animal phenotypical 
variability; in other words, the 9 measurements had the most discriminant 
power. Therefore, Lt, lt, Lc, lc, pt, hg, Pth, Lcp, and Lf may be used to 
differentiate between both populations. The confusion matrix (Table 5) shows 
that 96.30% of the animals are correctly classified, and only 4.7% are 
reclassified. Moreover, the Mahalanobis pairwise distance between the two 
populations of N’Dama was equal to 3.69, which is significant (p˂0.05). Also, 
discriminant analysis shows that N’Dama populations are separated following 
the two agro-ecological zones (Figure 5). 
Table 5. Percentage of animal correctly or incorrectly classified in respect to agro-ecological 
zones 
Aminal  ND1 ND3 Total % correct 
ND1 44 3 47 93.62 
ND3 1 60 61 98.38 
Total 45 63 108 96.30 
 
 
Figure 5. Discriminant Analysis for  individuals body measurements of the two agro-
ecological zones N’Dama populations 
 
Discussion 
In the present study, N’Dama cattle breed showed a variety of coat 
colours (fauve, black, pie-red and greyish-black). The dominant coat colour, 
horn orientation, and back profile of these N’Dama animals were fauve, lyre 
horn (74.07%) and straight back profile (69.44%). The fauve coat colour 
associated with the horn in lyre and straight back profile are the physical 
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characteristics of the N’Dama breed reported by Doutressoulle (1946), Larrat 
et al. (1948), Coulomb (1976), and Akouango et al. (2010) in West and central 
African sub region. Based on the study of several authors including Epstein 
(1971), Coulomb (1976) and Pagot (1985), the origin of N’Dama is located in 
the Fouta Djallon highlands of Guinea. It is from here the N’Dama spread to 
the rest of West and Central Africa where it acquired an adaptation to the 
climates of respective regions (Touré & Hoste, 1987; D’Ieteren, 1994; Epstein 
& Mason, 1984; Rege & Tawah, 1999; Hanotte et al., 2002) and it is known 
by different names. Other names for them include Boyenca (Guinea-Bissau), 
Fouta Jallon, Fouta Longhorn, Fouta Malinke, Mandingo (Liberia) or N'Dama 
Petite (Senegal).  
The variety of N’Dama coat colour observed in this study could be one 
of the consequences of the N’Dama adaptation to Ivoirian environment as it 
has been already reported by Khan et al. (2013) for the buffaloes in Pakistan, 
Katongole et al. (1994) for the sheep in Botwana, Mani et al. (2014) for the 
goat in Niger, and Epstein and Mason (1984) in Africa and Saleem et al. (2013) 
in Pakistan for the cattle breeds. 
The effect of the agro-ecological zone was not significant on Lt, Lco 
and hg, but was significant on the other traits (11), suggesting that 
morphological measurements of the two agro-ecological zones N’Dama 
populations are different from each other. The 11 morphological 
measurements variations across the two agro-ecological zones, with higher 
values being recorded among the animals reared in the savannah region (agro-
ecological zone of central region), may be attributed to favourable prevailing 
circumstances in this region. Therefore, the breeding area had a great impact 
on the morphological measurements of Ivoirian N’Dama populations. This 
result is in agreement with that of Chencha et al. (2013) and Hanga et al. 
(2012), Dekhili et al. (2013), and Hilal et al. (2013 ; 2016) who confirmed that 
the morphological measurements variability are due to varied raising 
environment for the cattle in Ethiopia and the goat breeds in Ghana, Algeria 
and Morocco respectively. 
In this study, the head length (Lt) and height at wither (hg) of the both 
agro ecological zones N’Dama are in the range of those obtained by Coulomb 
(1976) in CRZ Bouaké (44.8 ± 0.8 cm and 113.6±0.8 cm respectively). The 
chest girth (pt) measured in the savannah region (zone 1) and the muzzle length 
(Lf) measured in the forest region (zone 2) are in agreement with those 
reported by Coulomb (1976) in CRZ Bouaké (156.2 ±1.8 cm and 23.8 ± 0.4 
cm respectively). Nevertheless, the height wither (hg) found in the present 
study is similar to the value obtained by Akouango et al. (2010) for the 
N’Dama (111.8±0.9 cm) in RDC, whose chest girth (144.4±1.3 cm) is 
comparable with the N’Dama of forest region (zone 2). The height wither 
found in the study is higher than that reported by Choquet (1969) (104 cm). 
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Correlations among morphological measurements of these N’Dama 
populations were, in general, positive and high, indicating a good association 
between these measurements. The positive significant correlation coefficient 
between large morphological measurements indicates that N’Dama 
populations of the savannah and forest regions of Côte d’Ivoire are very 
harmoniously conformed, reflecting balanced physical development (growth), 
and it also reveals that the populations have adapted to their respective 
environmental conditions.   
Also, the high correlations among traits found in the current study highlighted 
the appropriateness of multivariate analyses.  
The factor analysis showed that five factors explained 77.45% of total 
variance in N’Dama population. These proportions are the range of those 
reported by N’Goran et al. (2008) (75.72%) on the dairy crossbreeds cows in 
three regions of Côte d’Ivoire (central, central west and south). However, the 
proportions of the present study are lower than those obtained by Sokouri et 
al. (2007) for various cattle breeds and crossbreds (N’Dama, zebu, méré and 
various crossbreds) population in Bouaké (96.9 %) and Korhogo (95.7%) 
areas. The communalities found in this current study showed that all the 
morphological measurement had high loadings on factor 1, which is a good 
descriptor of general body size. On the other hand, factors 2, 3, 4, and 5 seemed 
to reflect the head shape for the both agro ecological zones N’Dama 
populations. 
The most discriminant variables selected through the Principal 
Component Analysis (PCA) were Lt, lt, Lc, lc, Lf, pt, hg, Pth, and Lcp. The 
nine (9) morphological measurements can be useful to describe the variability 
of the both agro ecological zones N’Dama population. As a result, the six (6) 
other body measurements had limited differentiation effects and hence might 
not be trusted in studying morphological studies to define the breed 
characterization of this N’Dama population. Some of the discriminating 
variables (Lcp, pt and Lf) obtained in this study were similar to those obtained 
by N’Goran et al. (2008; 2015) on the dairy cattle crossbreds in three regions 
of Côte d’Ivoire. However, Sokouri et al. (2007) reported that hump existence, 
body colour, pth, and hg would be very important in the differentiation of the 
N’Dama, Baoulé and zebu cattle breeds and various cattle crossbreds in 
Bouaké and Korhogo areas. Also, N’Goran et al. (2008) showed that the age 
at first calving, milk yield/day, Lcp, pt, and Lf had largest discriminant value 
for the dairy cattle crossbreds in central, central west and south regions in Côte 
d’Ivoire. 
Based on the discriminant analysis, the nine (9) morphological 
measurements (Lt, lt, Lc, lc, Lf, pt, hg, Pth and Lcp) generated by PCA, had 
one of the most discriminant power in the differentiarion of the N’Dama 
populations of the both agro ecological zones. However, N’Goran et al. (2015) 
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found that Lcp, pt, and Lf are important in the differentiation of the three dairy 
cattle crossbreds (F1 N’Dama x Abondance, F1 N’Dama x Montbéliarde, and 
F1 N’Dama x Montbéliarde x Montbéliarde) in the south of Côte d’Ivoire. The 
Mahalanobis distance between the two populations was 3.69, indicating that a 
morphological differentiation between the two N’Dama populations is not too 
great. The result is in the range of this one found between F1 N’Dama x 
Abondance and F1 N’Dama x Montbéliarde (3.58), but it is lower than the 
distance separating the Montbéliarde x (F1N’Dama x Montbéliarde) of F1 
N’Dama x Montbéliarde (8.53) and of F1 N’Dama x Abondance (9.11) 
(N’Goran et al., 2015). This differentiation found in the present study may be 
due to two factors. The genetic exchange that took place between the central 
regions N’Dama with various improved cattle breeds through private farms 
and the livestock projects (MIRAH, 2003; N’Goran et al., 2008; 2017; Sokouri 
et al., 2009) could explain their great size compared with the northwest regions 
N’Dama size. The distinction between the two N’Dama populations may be 
due to the difference in climatic parameters between the central (savannah) 
and northwest (forest) regions.  
The discriminant analysis showed a low misclassification error of 
individuals belonging to N’Dama populations of savannah and forest regions 
(4.7%). This confirms that the N’Dama populations of the both agro-
ecological zones are different from each other. 
 
Conclusion 
The results of this study revealed that the morphological measurements 
variations among two N’Dama populations corresponds to two agro ecological 
zones of Côte d’Ivoire. The N’Dama populations in the different studied areas 
have developed varied morphologically adaptable characteristics in their 
respective environment. Regarding quantitative traits such as Head width (lt), 
Skull length (Lc), Muzzle circumference (cfm), distance between horns (dbb), 
Ear length (Lo), Chest girth (pt), Chest depth (Pth) and body length (Lcp), 
savannah region N’Dama had significantly higher values than forest region 
N’Dama. The observed results could be complimented by molecular 
characterization which specifies the N’Dama genetic status in Côte d’Ivoire 
for the design of this cattle breed management and conservation strategies.    
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